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Abstract 
The effect of refrigerant blends 410A and 507 on the operation of an ejector cooling system -ECS- is theoretically 
studied with the aid of a validated multi-geometry ejector mathematical model. For a system cooling capacity of  
1 kW, a set of possible design conditions were obtained by means of a parametric study varying the generator, 
condenser and evaporator temperatures from 50ºC to 70ºC; 30ºC to 40ºC and 5ºC to 15ºC. The ejector’s lower U and 
I values are obtained when R410A is employed, meaning higher primary fluid mass flow rates and smaller ejectors, 
respectively. ECS’s upper COPs values are achieved at higher TGE and TEV with lower TCO. An ECS operating with 
these blends has a higher COPs using R410A, around 0.53 for TGE, TCO and TEV of 70ºC, 30ºC and 10ºC, respectively. 
The system using R507 has a similar but slightly lower performance. Therefore, the systems employing R410A and 
R507 are good options when a maximum generation temperature of 70ºC is available from a thermal source, either 
solar or industrial. As well, an ECS working with R410A and R507 experiences higher pressures and has a robust 
construction. 
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Nomenclature 
 
 COP coefficient of performance (dimensionless) 
 d diameter (m) 
 ECS ejector cooling system 
 Ff friction factor (dimensionless) 
 h specific enthalpy (kJ/kg) 
 l distance, length (m) 
m  mass flow rate (kg/s) 
 p  pressure (MPa) 
Q  heat flow  rate (kW) 
 T  temperature (ºC) 
 U entrainment ratio, 2m / 1m , (dimensionless) 
W  mechanical power (kW) 
 I ejector area ratio, (dm/dt)2, (dimensionless) 
 K efficiency (dimensionless) 
 
Subscripts 
 CO condenser 
 d diffuser 
 e main nozzle exit 
 EV evaporator 
 GE generator 
 m mixing chamber 
 n main nozzle, between main nozzle exit and mixing chamber inlet 
 pr reversible pump 
 s system 
 t main nozzle throat 
 1…6 thermodynamic cycle states 
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1. Introduction 
The search of new refrigerants, environmental friendly and thermodynamically appropriate, is still a 
matter of study for the efficient operation of an ejector cooling system. In the past, theoretical studies have 
been carried out extensively with CFC, HCFC, HFC, hydrocarbon fluids and very few on refrigerant 
blends, [1, 2]. In this study HFCs refrigerant blends were considered, whose thermodynamic behavior is 
different from a pure substance, because it is a combination of pure substances which have different 
chemical compositions and critical points, among other properties. As a consequence, in saturation 
conditions the liquid has a lower temperature than the vapor, difference that is known as temperature glide 
and means that in an isobaric process of evaporation or condensation, the vapor and liquid have different 
temperatures. The complexity in the design of a cooling system with blends, in regard to a pure substance, 
depends on the temperature glide extent, which is associated with fractionation that considers the change 
in composition between the vapor and liquid at a state of equilibrium. Thus, it is desirable that this 
temperature glide should be as small as possible to lessen the effect of fractionation. 
To avoid the complications mentioned above and considering the good performance reported in the 
operation of mechanical compression refrigeration systems [3, 4], the refrigerant blends 410A and 507 
have been selected as the working fluids in this ejector-compression systems study. The first is a 
replacement to R-22 and is also employed in new systems of both, residential and commercial air 
conditioning and heat pumps. It is a binary mixture of R32 and R125 in a 50-50 proportion. The second is 
a replacement for R-22 and R-502 in commercial refrigeration systems, new and retrofitted. It is a binary 
mixture of R125 and R143a in a 50-50 proportion. The temperature glide are around 0.15 and 0.04 ° C, 
respectively, so they are classified as quasi-azeotropic and azeotropicy mixtures. It is also pointed out that 
in the ECS operation the fractionation is undesirable in the ejector expansion process. Table 1 shows the 
main physical, environmental and safety characteristics of these blends.  
Furthermore, the ejector operation can be simulated properly with 1-D mathematical models, [5]. The 
Lu model is an option that considers the ejector critical operation, secondary fluid choking, and was 
validated for a fixed geometry ejector operating with R11, [6]. Later, this model was also validated with 
the experimental results of a multi-geometry ejector, in which different ejector main nozzle separation 
distances were considered for which lower ejector friction factors and higher main nozzle efficiency were 
found, [7]. 
Therefore, in this study a set of possible design conditions will be obtained by means of a parametric 
study varying the generator, condenser and evaporator temperatures, in which a validated multi-geometry 
ejector mathematical model is employed for a system cooling capacity of 1 kW. The working fluids are 
the refrigerant blends 410A and 507. 
Table 1.  Properties of the HFC refrigerants employed in the ECS. 
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0.15 
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0 
 
1997 
 
A1 
 
wet 
 
R507 HFC 
(R-125/143a) 
(50/50 wt%) 98.9 -47.11 70.56 37.16 
azeotropic 
blend 0.04 
R22 
comm. refrig. 130 0 3925 A1 wet 
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2. The ejector system 
The ECS studied is shown in Fig. 1, whose ejector is of the gas-gas and multi-geometry type with its 
main geometric variables shown in Fig. 2. The subscripts 1 and 2 correspond to the inlet of primary and 
secondary flows and 3 to the exit flow, respectively. The cross-sectional areas belong to the throat and 
discharge of the ejector main nozzle, inlet of the cylindrical mixing chamber and discharge of the 
diffuser, from which result several ejector dimensionless geometrical parameters, being its area ratio 
defined as 
2
t
m
d
d
¸¸¹
·
¨¨©
§ I   (1) 
in which dm is the mixing chamber diameter and dt is the main nozzle throat diameter. The ejector’s 
entrainment ratio is a thermodynamic parameter given by 
1
2
m
mU

   (2) 
being 1m  and 2m  the mass flow rates for the primary and secondary fluids. In regard to the ECS, its 
coefficient of performance is 
rpGE
EV
s WQ
QCOP 

   (3) 
whose terms are the thermal energy transferred at the evaporator and generator as well as the mechanical 
energy given to the reversible pump, which in terms of U and enthalpy gives 
)h-(h
)h-(hUCOP
41
62
s    (3a) 
 
Figure 1.  Ejector cooling system configuration. 
 Jorge I. Hernandez et al. /  Energy Procedia  57 ( 2014 )  3021 – 3030 3025
 
Figure 2.  Ejector configuration.  
 
3. Simulation and obtention of results  
In order to determine the ejector and ECS performance with refrigerant blends 410A and 507, a 
parametric study with lowest ejector friction factor, Ff, and highest main nozzle efficiency, Kn, was carried 
out for a constant cooling capacity of 1 kW. Temperatures for the generator, condenser and evaporator 
were varied from 50ºC to 70ºC; 30ºC to 40ºC and 5ºC to 15ºC, respectively. A superheating of 5ºC was 
considered at the generator exit, while saturation conditions at the condenser and evaporator exit. 
4. Analysis of results  
The obtained results are shown from Figs. 3 to 8 and represent potential design conditions for an 
ejector cooling system which operates under secondary flow choking. Therefore, one and only one I 
value corresponds to each combination of the generation, condensation and evaporation temperatures, 
representing specific ejector and system characteristics. 
4.1. Ejector Performance 
For an ECS operating with refrigerant blends 410A and 507, the behaviour of U and I against TGE is 
shown in Fig. 3 when the system’s cooling capacity is unitary. In this case, the condenser and evaporator 
temperatures are fixed and results that the secondary fluid mass flow rate 2m  is constant. Then as TGE 
increases, the primary fluid pressure and enthalpy grow requiring a lower 1m  to entrain a constant 
secondary mass flow rate, and in consequence U increases. For the working fluid influence, the higher U 
values correspond to an ejector operating with R570. In regard to I, it increases at higher generation 
temperatures because a reduction in 1m  entails a decrease in dt, while dm remains almost constant. An 
ejector operating with R507 has higher I values because a larger dm results from the higher 1m  and 2m  
required to operate at the given temperatures and cooling capacity. This means that an ejector using 
R410A, with lower I and U, is smaller than one operating with R507. 
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Figure 3.  Entrainment ratio U and ejector area ratio I against TGE for a constant 
TEV of 10ºC and TCO of 30ºC for refrigerants 410A and 507. 
According to Fig. 3, it is important to point out that an ejector operating with R410A and R507 reach a 
maximum generator temperature of 70ºC, which is nearly below their critical temperatures of around 
70ºC, as shown in Table 1. The higher critical pressures, also shown in Table 1, affect the system 
operation and construction. 
The system’s trend of U and I against TCO is shown in Fig. 4, whose cooling capacity is unitary and 
the generator and evaporator temperatures remain fixed. In this plot, U decreases as TCO increases 
because any increase in this temperature results in a pCO growth, causing a rise in 1m  and 2m  in order to 
provide a higher secondary fluid recompression while keeping the cooling capacity constant. As 1m  
increases much more than 2m  does, U decreases. In relation to the refrigerant effect on the ejector 
operation, higher U values are obtained for the ejector using R507. Regarding I, the rise in 1m  and 2m  as 
TCO grows causes an increase in dt and dm, for which the growing rate of the first one diameter is higher 
and I decreases. Once again, lower I correspond to a smaller ejector operating with R410A. 
 
 
Figure 4.  Entrainment ratio U and ejector area ratio I against TCO for a constant 
     TEV of 10ºC and TGE of 60ºC for refrigerants 410A and R507. 
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The ECS change of U and I against TEV is shown in Fig. 5 for a unitary system’s cooling capacity and 
constant generator and condenser temperatures. U experiences a growth tendency with TEV increments 
because the corresponding pressure grows while 2m  remains almost constant, so a lower 1m  is required 
for a lower secondary fluid recompression and U increases. Again, the higher U values are obtained for an 
ejector operating with R507. Regarding I, the reduction of 1m  is higher than 2m  as TEV grows, so the dm 
decreasing rate is lower than that for dt, giving rise to a I growth. Again, the tendency already mentioned 
is repeated with the lower I values belonging to an ejector using R410A. 
 
 
 
Figure 5.  Entrainment ratio U and ejector area ratio I against TEV for a constant 
  TCO of 30ºC and TGE of 60ºC for refrigerants 410A and R507. 
 
From the above U plots, the higher U and I values correspond to an ejector operating with refrigerant 
R507, meaning that its size is larger. 
4.2. Ejector cooling system performance 
Figures 6 to 8 show the tendency of the system’s coefficient of performance, COPs. Its variation with 
TGE is shown in Fig. 6 and follows a similar U growing path, due to its dependence with this parameter 
and the refrigerant properties, according to Eq. (3a). The best performance corresponds to the system 
using R410A. So, at a TGE of 70ºC an ECS employing this refrigerant has a COPs around 0.53 and of 0.48 
for the R507. Therefore, the best performance is obtained for an ECS employing R410A at TGE not higher 
than 70ºC. 
The change of COPs with TCO is shown in Fig. 7. As this temperature grows, the COPs follows the U 
decreasing tendency, repeating the trend shown in Fig. 4. The best performance corresponds to a system 
operating with R410A. 
The variation of COPs against TEV is shown in Fig. 8. As this temperature is varied, a similar pattern 
between COPs and U is observed. The higher COPs values belong to the system using R410A. 
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Figure 6.  System’s coefficient of performance against TGE for a constant 
             TEV of 10ºC and TCO of 30ºC for refrigerants 410A and R507. 
 
 
Figure 7.  System’s coefficient of performance COPs against TCO for a constant 
     TEV of 10ºC and TGE of 60ºC for refrigerants R410A and R507. 
 
As observed from Figs. 6 to 8, the higher COPs values are achieved at higher TGE and TEV with lower 
TCO. An ECS employing R410A has COPs values 10% higher than a system operating with R507, whose 
ejectors are also smaller. 
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Figure 8.  System’s coefficient of performance COPs against TEV for a constant  
   TCO of 30ºC and TGE of 60ºC for refrigerants 410A and R507.  
 
5. Conclusions  
For an ECS operating with refrigerant blends 410A and 507, a set of possible design conditions was 
theoretically obtained with the aid of a validated 1-D multi-geometry ejector mathematical model 
operating in critical mode. The study carried out a parametric study in which the generator, condenser and 
evaporator temperatures were varied for a system cooling capacity of 1 kW. 
In regard to the ejector, the best performance is obtained when refrigerant R410A is employed, with 
lower U and I values meaning higher primary fluid mass flow rates and smaller ejectors, respectively. 
For an ECS the higher COPs values are achieved at higher TGE and TEV with lower TCO. An ECS 
operating with HFC blend R410A has the higher COPss, while those for a system using R507 are 10 % 
lower. Therefore, the systems operating with R410A and R507 are good options when maximum 
generation temperatures of 70ºC are available from a thermal source, either solar or industrial, 
nevertheless, the ECSs experience the higher pressures and need of a robust construction. 
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